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INELASTIC-COLLISION CROSS SECTIONS FOR Ne
by
S. C. Soong and Yong-Ki Kim

ABSTRACT

Cross sections for inelastic collisions of slow electrons
and the dipole oscillator-strength distribution for the neon atom
are given in tabular form. The results are based on experimental
data that have been checked and adjusted for internal consistency.
These data have been used in the study of the electron degrada-

tion spectra by the first author as part of his thesis work.



1. Introduction

This report contains the details of electron-impact and optical cross
sections used in the Ph.D. thesis 1 (hereafter referred to as TH), entitled
Inner-Shell Contributions to Electron Degradation Spectra by S. C. Soong.

In TH, a consistent set of e-Ne inelastic collision cross sections 1s used to
compute the electron degradation spectra. The tabulated data in this report
supplement those given in the thesis in graphical form for slow incident

electrons and low-energy photons.

2, Discrete Energy-Loss Cross Sections

For incident energies T > 40 I, where I is the lowest ionization potential,

three groups of discrete energy-loss cross sections for the L shell are given
by the Bethe formula, Eq. 45, and Table 3 of TH. For T =< 40 I, these cross
sections are tabulated in Table 1 of this report.

The discrete energy-loss cross sections for the K shell have not been
measured experimentally. The lack of these cross sections is not a serious
setback for the study of electron degradation in neon because of the following
reasons. For electron slowing down in neon, discrete excitation of the K
shell plays a negligible role compared to excitation and ionization of the L
shell. For the Auger-electron production, knowledge of the excitation cross
sections is not required. The production rate is proportional to the total K-

shell section, which has been measured by Mehlhom.2

3. Differential Energy-Loss Cross Sections

Equation 43 of TH expresses the differential energy-loss cross section
for T > 40 IS (for s=K or L shell) in terms of the dipole oscillator strength and
of an empirical function ¢S (E), where E is the energy loss. The oscillator
strengths for single photoionization of the 2p, 2s, 1s orbitals and those for the
multiple L-shell ionization (from either 2s or 2p) are given in Tables 2, 3, 4,
and 5, respectively. The functions ¢L and ¢K' which were adopted on the

basis of fragmentary empirical evidence, are given in Tables 6 and 7.



The experimental results of Grissom et al. (Ref, 46 in TH) suggest a
more accurate representation of the L-shell cross section in which the quantity
within the logarithm of Eq. 43 is reduced by a factor 1 — (Iz/ ZEZ) (1-1/T).
(This implies that the cutoff momentum transfer for distant collisions is less
than unity for slow incident electrons.)

~For = 401, we assume that the differential energy-loss cross section
is given by RHS of Eq. 43 in TH, times a normalization coefficient, The nor-
malization constants were adjusted to ensure consistency with the total ion-
ization cross section after integration over E. The normalization coefficients
for the L and K shells are given in Tables 8 and 9, respectively. The resulting
differential energy-loss cross section is consistent with the experimental re-
sults of Grissom et al., and varies smoothly from the Bom region to the region
of lower energies. Figure 1 shows the differential energy-loss cross section

for several incident energies,

4, Total Ionization Cross Sections

The total ionization cross section is obtained by integrating the dif-
ferential energy-loss cross section. The total ionization cross section of the

L shell obtained in this manner can be represented, for T> 40 Is’ by

i 41ra02R2 T
QL(T) = T (2.739 lnI—+ 1.984)
and that of the K shell by
2 2
4dma_ o R 2.2
olm= —%—— Ji.372 [ —BSB— _ 5%} 4 0.4406
K 2 2
B IK . ZIK(l—B )

where B = v/c, a, = 0.529 2\, a=1/137, and R= 13.6 eV. For T = 40 Is'

0
these cross sections are given in Tables 10 and 11,

5. Electron Shake-Off
Evaluation of the function [cf. Eq. 7 of TH]

1 mu -
3 (T'+1,) QT .E) i 4 E-E,

H (T, T+L) = [ dE —gimy— | x® +ay € [ deN(e)
T+IK T



ii
requires a knowledge of the shake-off probability a, (E) and the spectrum
N (e) of multiply-ionized electrons. The shake-off probability has been M
sured by Carlson et al. (see Ref. 25 of TH) and is reproduced here in Table 12.

The spectrum N. (e) can be represented as the following superpositions of the

ea-

shake-off spectrum ,J(e)

A (€) +/(E—EK— €)

N (€) = .
K A(E —EK)

where

E
a® = [ de o . (A1)
0

3
The shake-off spectrum has been calculated by Levinger = and the result has
been confirmed experimentally by Carlson et al. (cf. Ref. 27 of TH). The
function A(E) is given in Table 13. The integrated spectrum of electrons pro-

duced by multiple ionization, which occurs in the above expression for

HK(T' T+1), is

K
E-E¢ AE-E ~T) +AE-E) — AD
1[ de NK(e) = A _EK) . Aaz2)

6. Ionization of the L Shell

Since a (E) is not available directly from experiment, we evaluate
HL(T' , T+1I) by usmg the formula

Fre1) g {fl}n) f () 4I...T ETEL

, _ AIT LM
H @ T+ = T£1 2B(T") g tTp gz Jp deN(e

1 1 1
'*&%m)[EZ E@—E+n*'m—ﬁ+nz]}
E-E,

where ILM =62.7 eV, fLM(E) is given in Table 5, and fT de NL(e) is also

given 4 by Eq. Al, provided that the unit of energy is taken to be ILM =62.7
eV instead of Eso = 910 eV. The first two terms within the braces represent the



contribution from distant collisions, while the last term represents that from
close collisions. The first term gives the electron spectrum produced in

single ionization, while the second term gives that produced in multiple ion-
ization. The third term gives the spectrum produced in both types of ioniza-

tion since ¢L(E) is determined from secondary electron spectrum measurements.5

7. Symbols Used in the Tables

FORTRAN notations are used, i.e., 2.032D-01 =2.032 X 10_1.

A(E) See Eq. Al [Table 13]

E Energy transfer

Eso Threshold for electron shake-off in neon=910 eV [Tables 12
and 13]

I The lowest ionization potential = 12.6 &V

I1(2s) Binding energy of the 2s electron = 48.5 &V [Table 3]
I(1s) Binding energy of the 1s electron = 870 eV [Table 4]

1(K) = I(1s) [Tables 4, 7, 9, and 11]

1(LM) Threshold for multiple ionization of the neon L shell = 62.7 eV
[Table 5]

PHI ¢(E) [Tables 6 and 7]

Q1 L Q, (D) [Table 1]

Q2 ;gf QZ(T) [Table 1]

Q3 =X1 Q(T) [Table 1]
TI

QI vy Qi(T) [Tables 10 and 11]

T Incident kinetic energy

E(df/dE) = Ef (E)



TABLE 1,

Discrete Energy-Loss Cross Sections (L Shell)

171

1.000D
10750
1156D
12420
143360
1436D
1.5440D
16€00
147840
15180
20620
242170
2¢383D
2¢ 5620
207540
29610
31830
344220
3.679D
3¢9S5D
4 ,2520
45710
449140
S+2830
5«679D
6.1085D
6¢564D
7e 056D
Te 5860
86 1550
Be 767D
9e¢ 425D
1.013D
1 089D
11710
12590
13530
14550
1l¢ 564D
146820
18080
19430
20890
2+ 246D
2.415D
2 ¢« 5960
2 791D
30000
32250
34670
3e.728D
20070

a1

2.0320-02
2¢6710=02
3343D0-02
4, 0490~02
4791D0-02
5¢5710-02
6+392D0-02
72540-02
81600-02
9.1130~-02
10110~-01
1116D0-01
12270-01
163420-01
14640~01
1¢5%81D0-01
167250-01
1.8650-01
20110-01
2¢1640-01
2¢325D0-01
20493001
2668D-01
28510-01
3,0360-01
3¢219D0-01
3.4140~-01
3¢6120-01
347980~01
4.0060-01
4,2020-01
44220-01
4.,6240-01
44832001
$043D0=-01
S52510-01
Se¢460D-01
S5¢668D-01
S« €650-01
640570-01
62510-01
66447D~01
€4637D0~-01
68150-01
60984D-01
71550-01
Te3220~01
74860~01
Te6470=-01
7¢809D0~01
7982001
8.1530-01

Q2

24816D-03
5e7950-03
8¢9290-03
1.223D~-02
1¢5690-02
1¢934D-02
23180-02
2721D-02
3.144D=-02
3.5890-02
4,056D-02
4 4546D0~-02
5.0590-02
5e598D0-02
64161D~02
6751D0-02
7367002
8.0110-02
8.684D-02
9.386D-02
1.0120-01
1.088D~01
11670-01
1.2490~-01
1.3280-01
1+.411D0-01
1.4980-01
1576D0-01
1665001
17470-01
1.8400-01
1925D0-01
2.0120-01
2¢1000~01
2¢1860D-01
2+2720-01
23590-01
24440D0-01
25180-01
2¢597D-01
2¢6750-01
27540~ 01
28270-01
2896D-01
2¢9630-01
30300~01
3.,096D-01
3.1600-01
3.2230-01
3.287D-01
33550-01
3.4210-01

Q3

3.7170-04
1.8920-03
3.4930-03
5.1790-03
€+953D-03
8.821D-03
1.0790-02
1.2850-02
1.502D0-02
1.7310-02
19710-02
202220-02
24486D-02
2¢763D-02
3.052D0-02
3.3550-02
366720-=02
4 +,004D-02
Q4+.3490-02
4.7100-02
5086D-02
S54770-02
5.884D-02
63030-02
6¢709D~-02
7.1350=02
7¢5770-02
7¢9790=02
8¢434D~-02
8.854D-02
$43270-02
9e¢759D0-02
1.0200-01
1 «0650-01
1.1080-01
1.152D0-01
1.1950=01
12370~-01
1¢276D0-01
1.316D0-01
1.3550-01
1395001
1.431D0-01
144660-01
1¢4990-01
1.5330-01
14566D-01
1.5980-01
1.6290-01
1¢662D-01
1.6950=01
1.7280-01



TABLE 2. Oscillator Strength Density (2p)

1/E
0

10000~-02
240000=02
30000-02
4¢000D=-02
Se¢000D0~02
G6e¢ 000D=-02
7« 000D=-02
840000~02
9.000D~-02
10000-01
1.,1000-01
1.2000~-01
13000-01
1¢4000~01
1500001
1¢6000-01
17000-01
1.8000-01
19000-01
20000-01
2¢100D0-01
22000-01
23000-01
2¢4000~01
2¢500D0~01
2¢600D0-01
27000-01
2¢8000-01
24900001
3+ 000D-01
3.100D=-01
3.200D0-01
3¢ 300D-01
3+4000-01
3.5000-01
3.6000-01
3e7000~01
38000-01
3.9000-01
40000-01
40100D-01
42000~01
4 .3000~-01
44400D0~01
8 0500D~-01
4,6000~01
4,700D0=-01
4+8000-01
4,9000~01
5.0000~01

£35(E)

0-

6.153D-03
Je4120~02
9e4550-02
1¢794D~-01
20895D-01
4¢233D~-01
S¢8400-01
7 ¢558D0-01
9¢5410=-01
11410 00
13360 00
15400 00
17220 00
1$21D 00
20870 00
2425%D 00
2397D 0¢C
2542D 00
2¢666D 00
24778D 00
28790 00
2¢990D0 00
3.0820 00
Je166D 0O
3.240D0 00
3+,3060 00
363670 00
34190 00
34660 00
3.509D 00
3.545D 00
3¢574D 00
3.5980 00
36190 00
3.637D 00
346510 00
36610 00
36700 00
3.675D 00
3.675D 00
3.670D 00
346620 00
3+644C 00
346220 00
35920 00
3.564D 00
2531D 0O
344950 00
3.461D 0O
34220 00

1/E

5.1000-01
$5.2000~01
543000-01
S+4000-01
S+500D~01
546000-01
Se700D-01
548000-01
59000-01
60000-01
6¢ 1000~01
62000-01
6 3000-01
64000-01
6+5000-01
64600001
64700D-01
6¢800D0-01
609000-01
7¢0000~01
71000~-01
7¢2000-01
7+300D~01
74000~-01
7¢5000-01
7¢7000~-01
7800D-01
7«49000-01
8.0000-01
8+1000-01
8.2000-01
843000~-01
8+44000-01
85000-01
8+46000-01
8¢7000-01
8+800D-01
89000-01
9.0000-01}
94 1000~-01
9.200D~01
9+ 3000-01
9400D0=-01
95000~-01
9¢600D~01
9¢700D0-01
980600-01
9¢9000-01
1.000D0 00

£, (E) .

2p

Je 3860
33470
33110
Je 269D
3.233D
3e154D
3.1540
31150
30740
300280
25880
249480
209100
2 869D
248250
2784D
2¢743D
26970
2¢654D
2¢613D
2¢566D
2¢525D
24840
2+437D
2¢396D
20 354D
23080
20266D
2¢219D
2¢178D
241300
240820
2¢ 039D
19970
1 949D
1904D
1.859D
1.815D
1,769D
147230
16750
14632D
1+5880
145430
14940
1+448D
1¢405D
1+356D
13080
1.259D



TABLE 3. Oscillator Strength Density (2s)

1(2s)/E

0

140000—-02
24 0000-02
3.000D0~-02
4,0000-02
S«000D0-02
6000D0-02
7+ 0000~-02
8..0000~-02
9,0000-02
1,0000-01
11000-01
1.2000-01
1.3000~-01
144000~-01
1.£000-01
1.6000—-01
1.7000-01
1.8000~-01
1900D-01
2¢0000-01
21000-01
22000-01
2¢3000-01
2.4000-01
2¢5Q00D0-01
2 600D-01
27000-01
2+8000-01
2+9000-01
3.000D-01
3.1000-01
3.2000-01
33000-01
3.4000-01
3¢ 5000~01
3+6000~01
3.7000-01
3.8000-01
3+900D-01
4.0000-01
4,1000-01
4,2000-01
4.3000-01
4,4000-01
4,5000-01
4.,6000~01
4,7000-01
4,8000-01
4,9000~-01
50000-01

fas (E)

(o]

3.0770~03
174230-02
441020-02
6.6660~02
94,2300-02
1.154D0~01
1.3850-01
1600001
18360-01
2¢0820-01
2¢3490-01
2¢5950-01
2 800D-01
2984D~-01
3¢1590-01
3.287D=01
3.410D0—-01
35130-01
3.600D-01
3.6870-01
3¢7480-01
3.8100-01
3o 861D-01
3907001
3¢9480-01
3.9860-01
4 ,020D0-01
4,0480-01
4,0770-01
4097D-01
4.1130-01
4¢1310-01
4.1480-01
41640-01
40179001
4.184D-01
4.,18%90-01
4,1950-01
4,1980-01
441970-01
4,4195D0-01
401890-01
4.1850-01
4¢1790-01
4,1720-01
44164D-01
4,1540-01
401430-01
4.1290-01
401200-01

1(2s)/E

5. 1000-01
$,2000~-01
$.3000-01
5.4 000-01
545000-01
S+600D-01
5¢7000-01
5.8000-01
5¢9000~01
6.,0000-01
6+1000-01
62000-01
6¢3000-01
6+4000-01
6.5000~-01
6.6000-01
647000-01
6.8000~01
6¢9000-01
7.0000=01
7.1000-01
72000-01
7¢3000~01
7.4000-01
745000-01
7¢6000-01
77000=01
7.8000-01
7¢9000-01
8.0000-01
8.1000-01
8+2000-01
803000-01
8.4000-01
8+5000-01
846000-01
847000-01
8.8000-01
8¢900D-01
9.0000-01
91000-01
9.2000-01
943000~-01
94000-01
9¢5000-01
9.6000-01
9.7000-01
9.8000-01
9.9000-01
10000 00

fy(E)

4,1020-01
4,0870-01
4,051D0-01
4.025D=-01
4,0050-01
349790-01
3.9540-01
3928D-01
3.8970-01
3.866D-01
3.8360-01
3.8000-01
3.766D0=-01
3.7330-01
3.6920~-01
3.6530-01
3.6100-01
3.5640-01
3¢5130-01
3.461D0-01
3.4100-01
3.3570-01
3.297D=01
30 2360-01
3.174D0-=01
3.0970-01
3. 0250-01
2¢9430-01
20 8560-01
2¢ 769D0-01
26840-01
20 595D0-01
20 4970-01
2.4050-01
2¢3080-01
22050-01
2¢1020-01
2¢0000-01
18970=01
17950-01}
1¢6920-01
1le 5840~-01
1¢4770-01
1¢3590=-01
12410-01
1¢128D=-0}
1005D0=-01
80 8200-=02
Te¢6920=02



TABLE 4. Oscillator Strength Density (1s)

I(1s)/E

o .

1.0000-02
20000-02
3.000D~02
44000D-02
5¢0000-02
60000D0~-02
70000-02
8.0000-02
9.000D0=02
1.0000-01
1.1000-01
1.2000-01
1¢3000-01
1. 4000~01
1.500D0~-01
1.600D-01
1700001
1800001
1.9000-01
2000D0-01
2100D-01
242000-C1
2+ 3000~-01
2+4000-01
25000-01
2¢6000~01
2 700D~ 01
2.8000~01
29000-01
3, 0000-01
31000-01
32000-01
3¢300D0-01
3400D-01
3.5000~01
3+600D-01
36700D0~-01
J+£000~-01
3.9000-01
4,0000-01
4.1000-01
402000~01
40 300D~-01
4.400D0-01
4.5000-01
4.6000-01
4,700D0-01
4.8000-01
4+9000~-C1
S+0000-01

fl s (E)

4] ) _
4.074D-04
20080-03
4+6950~-03
B4361D-03
1.290D0-02
1.834D-02
204520=-02
3.155D-02
39420-02
4.8110—-02
S«761D-02
647900-02
749000-02
9.0870=-02
1.035D~01
1.1700-01
1311001
14610-01
1.618D-01
147820-01
1.$98D=01
241820-01
24376D-01
2+5800~01
2¢784D0~01
249880-01

- 3¢1910-01

3439SD~01
3.6280-01
3861D-01
44093D-01
44336D-01
44 578D0-01
48400-01
S¢1020-01
5¢3640-01
€¢626D0-01
Se 8980~-01
6179001
6+4600-01
6+741D0-01
70230-01
7304D-~01
74595D0-01
7.8860-01
8e¢1770-~01
8+44780-01
Be778D-01
90890=-01
Se3990-01

I(1s)/E

81000-01
$¢2000-01
5+3000~01
S5.4000-01
5S¢ 500001
S46000-01
S+7000-01
5.8000-01
Se900D-01
6+0000-01
641000-01
6+2000-01
63000-01
644000-01
6500D~01
6¢6000-01
6¢700D0-01
6+8000-01
6900D-01
7000D~-01
7100D-01
72000~-01
7300D0-01
74000-01
7500D0-01
7.6000-01
77000-01
7800D0-01
7¢9000-01
84000D-01
84100D0-01
84200001
84300D0-01
8+4000-01
84500D0-01
8.6000-01
8700D0-01
8.800D-01
8+9000-01
9.0000~01
9+1000-01
9200001
9+3000~-01
94000-01
9. 5000-01
9.6000-01
9.700D0-01
9.8000-01
9.9000-01
1.000D0 00

f-1 S (E)

9¢7190-01
10040 00
10360 00
10690 00
11030 00
11370 00
1¢171D 0O
1.205D0 00
1.236D 0O
12730 00
13080 00
1342D 00
13770 00
14120 00
1¢447D0 00
14820 00
1.518D 00O
1«554D 00
1590D 00
16280 00
16650 00
17030 00
147410 0O
17790 0O
1.818D0 00
1857D 00
18950 00
19340 00
1.673D 00
20120 00
20510 00
20890 00
2+128D 00
241670 00
2 2060 00
22460 00
2¢285D 00
203250 00
243650 00
24050 00
2+444D 00
20 485D 00
2¢526D0 00
2¢567D 00
246070 00
2648D 00
2.689D 00
2730D 0O
247700 00
2811D 00



TABLE 5. Oscillator Strength Density (LM)

I(LM)/E

]

140000~02
2.0000-02
3.000D0~02
4,0000-02
5+ 000D—-02
6. 0000~-02
T70000—-02
8,000D~-02
9¢0000-02
10000~01
11000-01
1.2000-01
13000-01
1.4000-01
15000=01
1.6000-01
17000=01
1.8C00-01
1¢9000-01
20000~-01
2.1000-01
2.2000~01
2¢3000~-01
2+4000~-01
2¢5000-01
2600D0-01
2700D-01
28000-01
2¢9000-~01
3.0000~01
3.,1000-01
3.2000-01
3.3000-01
3.4000-01
3.5000-01
3.6000-01
3.7C00-01
3.8000-01
39000~01
4,0000-01
4.,1000-01
4,2000-01
4,300D-01
4¢4000~01
4,500D-01
4.6000-01
4.7000~01
4,8000-01
4.,9000-~01
5.0000~01

fLM (E)

o

Tel790—-04
2¢3590-03
47180-03
7692003
1.1790-02
146200~02
241130-02
2+62%D0-02
3.2000-02
3.8460-02
4.4410-02
Se128D-02
Se7230=02
6+4000-~-02
6.953D0-02
Te4460D—-02
79790~02
8¢563D0-02
9.0760-02
9 +5890-02
10060-01
1.0510-01
1.0940-01
1.1330~01
11690-01
1.2080-01
1¢2470-01
1.2820~01
1.3130-01
143430-01
1¢3700-01
1.393D0~-01
14130~01
1436001
14450-01
1¢467D0-01
1.4800-01
144920-~01
15020-01
1¢5130-01
15200-01
15260-01
1. 5330-~01
1537D0-01
1.5400-01
1.5410-01
1.5410-01
1¢5400-01
1.5380-01
1¢5370-01

10

I(LM)/E

$41000-01
50 2000~01
5.3000-01
$,4000-01
5¢5000-01
S5+6000-01
5¢70Q00D-01
S«800D-01
5¢900D0-01
6.0000~01
6.1000~-01
6.2000-01
6¢300D~01
6.4000-01
6.5000-01
66000~01
67000-01
6.8000-01
6¢9000-01
70000-01
71000-01
7200D-01
7¢3000-01
7¢4000-01
7.5000~01
7.6000-01
7¢7000-01
7.8000-01
7900001
8.0000-01
8¢1000-01
8+2000~-01
8¢3000-01
8+44000-01
8.5000-01
8.6000-01
8¢7000-01
8.8000-01
849000~-01
90000-01
9¢1000-01
9¢2000~01
9¢3000-01
9¢4000~-01
9.500D0~-01
9.6000-01
9¢7000-01
9,8000-01
99000-01
10000 0O

f E

LM( )

15310-01
‘05250.01
1.%5170-01
1.5110-01
1¢5020-=01
1.4910-01
14770-01
1.4670-01
1.452D-01
1¢441D~01
1.4230-01
1.4100-01
13920-01
13740-01
13590-01
13370-01
1.3180-01
1.2940-01
12720-01
1.251D0-01
1.226D-01
12010-01
11730-01
1¢144D-01
1.115D-01
10880-01
1.0560~-01
10260-01
Fe¢ 948D-02
9.640D-02
9.2710-02
80943D-02
8. 5840-02
8¢ 205D=-02
T78250-02
7¢3840-02
6¢933D0-02
6+45120-02
6.0710-02
Se¢589D~-02
S¢1280=-02
4.615D0-02
4.1020=02
J.589D=02
24974D0=02
2¢400D0=-02
107950-02
1¢231D0-02
801530‘03



TABLE 6. The Empirical Function Phi (L Shell)

1/€

0 . .
1.000D0-02
2¢0000=02
3+0000=02
4, 000D-02
S+.000D-02
60000~02
70000~ 02
8.0000-02
9+ 000D-02
1 «000D~01
"1¢100D0=01
1.200D~-01
1¢3000~01
14000-01
1+500D~-01
1+600D-01
1700001
1¢8000-01
1 +9000~01
2¢0000-01
2¢1000-01
2+.2000-01
2+300D0-01
24000-01
25000-01
2¢600D-0Q1
247000-01
2.8000~01
249000-01
3.0000~-01
3.1000~-01
3.2000-01
33000-01
3.,4000~-01
345000-01
3.600D~012
3¢7000~01
3.8000-01
3.900D~01
4,000D0-01
4¢1000~01
44200001
443000~01
4,4000-01
4.5000~-01
4,600D-01
4,7000-01
4 ,8000-01
4+900D-01
5,0000~01

PH1

140000 00
10000 00
1.000D 00
10000 00
1.000D 00
1.000D 00
10000 0O
1.000D0 0O
1.,000D0 00
1.0000 00
1.0000 00
1.0000 QO
1,000D 00
10000 00
10000 00
1«00C6D 00
1,000D0 00
10000 00
9¢995D~01
S980D-01
9.9500-01
98750~-01
94790001

. 96500-01

G ¢495D-01
94310D0-01
S¢097D-01
8.873D-01
8+6250-01
83600-01
80950-01
70 8400-01
7¢590D0-01
703450-01
70950-01
60 855001
6+625D~01
6410001
642050~01
640050-01
5+8000-01
S¢6110-01
S¢417D-01
542400~-01
50110-01
4 .890D0-01
47190~-01
#445610~01
44.413D0~-01
4.2570-01

~4¢1120-~01

11

I/€

S5¢1000-01
52000-01
S¢3000~01
5¢4000-01
S55000-01
S+6000-01
S7000~-01
S+8000-01
S5¢900D0=01
6,000D0-01
641000-01
6¢200D0=-01
6¢3000-01
64 4000-01
6¢500D0-01
6+.600D-01
6700D0-01
6.800D0-01
6¢9000—-01
T70000-01
7.1000-01
72000~01
74300D-01
7¢4000-01
T¢5000-01
7+600D-01
7.7000-01
7¢8000-01
T7900D~01
8+40000-01
841000-01
8.2000-01
8¢3000-01
8.4000~01
84500001
8+600D~01
867000-01
848000-01
8%000~01
94000D0~01
9. 1000-01
9.2000-01
9¢3000-01
9.4000-01
9+5000-01
96000-01
947000-01
9¢8000-01
9¢9000-01
1.0000 00

PHI

3+976D~-01
3.8410~01
34718D-01}
3.5880-01
3+ 4650-01
3¢ 3440-01
34225D-01
3.1120-01
3002001
24900D0~-01
2+48000-01
2¢7030-01
2¢6070-01
245130-01
2+425D0-01
2+338D=01
242520-01
241620-01
2¢073D0-01
1 990D-01
1+908D-01
l¢ 826001
12 742D0-=01
1.658D~01
1.580D-01
1505D~-01
144300-01
1.3600-01
1.289D0-01
142200-01
14152D0-01
1.086D-01
10260~-01
9610D0~-02
9.0000-02
84 3400-02
7720D-02
7+ 060D=02
66 400D=-02
$47500~-02
5160D-02
4.5800-02
4.0150~-02
3¢455D0-02
2900D-02
2¢305D0=02
1le715D=02
1.135D0=02
5¢6500-03
o



"TABLE 7. The Empirical Function Phi (K Shell)

I(K)/E

0.

1000002
24000002
3,000D0~02
4.0000-02
Se 0000~02
60 0000-02
T7+0000-02
8.000D-02
9.000D-02
1.0000-01
1.1000-01
1.2000-01
13000-01
1.4000~01
1 5000-01
1¢6000-01
17000-01
1.,8000~01
19000-01
2.0000-01
2.1000-01
22000-01
243000-01
2+4000-01
245000-01
2¢6000~-01
2+7000-01
2.8000-01
2. 9000-01
3.0000-01
3.1000-01
3.2000-01
3.3000-01
3.400D-01
35000-01
3.600D0-01
3+.7000-01
3.800D0-01
3.900D0-01
4.0000-01
4.1000-01
44200D0~-01
4,3000-01
4.4000-01
4,5000-01
4,6000-01
40 7000~-01
4.8000~01
4.9000~-01
$+000D~-01

PHI

10000
1.001D
10080
140250
10480
1.0680
1.0870
11070
11250
11420
11590
11750
11910
12050
12200
12330
12460
12580
12680
12790
12900
13010
13110
13220
1.331D
13400
1348D
14355C
163620
13680
13740
1¢379D
1.384D
1 388D
13910
1¢394D
163960
1398D
14000
14000
14000
13950
163970
13940
13910
13860
13810
163750
1¢367D
13590
13510

12

1(K)/E

5¢1000-01
5200001
$.3000-01
5¢4000-01
55000~01
S5¢6000-01
Se¢7000-01
5.8000-01
59000-01
640000-01
6.1000-01
602000~-01
6.3000-01
644000-01
6+ 5000-01
66000-01
647000-01
68000~-01
6.9000-01
70000-01
71000-01
7T2000~-01
7¢3000-01
744000-01
T¢5000-01
7¢6000-01
7¢7000-01
7.800D0-01
7¢9000-01
8+0000-01
81000-01
82000~-01
8.3000-01
84400D0-01
8+5000-=01
8¢66000~01
87000~-01
88000-01
8¢9000-01
9¢0000-01
9¢1000-=01
92000-01
93000-01
9¢400D0-01
9.5000-01
9.6000-01
9¢7000-01
98000-01

' 9¢9000-01

1.0000 0O

PHI

13420 00
13330 00
1.3240 00O
13130 00
13000 00
1.2860 00
12720 00
1.254D0 00
1.2380 00
12200 00
12020 00
11820 00
141630 00
11420 0O
11200 00
10970 00
1.074D0 00
1.048D0 00
10230 00
9.9800~-01
9¢7230-01
9.4610-01
901930-01
89240-01
8+.6500-01
8¢ 3730-01
8.0910-01
7.8110-01
7¢ 5200-01
T¢2250-01
6¢ 924D-01
6.619D0-01
6309D-01
Se 9930~01
S¢670D0-01
$5¢3420-01
S« 007D=01
4.678D=01
4. 328D~-01
3.9700=-01
3.6020-01
30 226D=01
2¢8250-01
24435D0=-01
24 0400=0}
16410-01
1.237D=01
84290D0-02
3.1700-02



TABLE 8. Normalization of the TABIE 9, Normalization of the

Differential Energy-Loss Cross Differential Energy-Loss Cross
Section (L Shell) Section (K Shell)
NORMALI ZATION NORMAL IZATION
™71 COEFFICIENT T/7I(K) COEFFICIENT
1.0000 00 0 o 1.0000 00 3.1600-01
1.0750 00 24909002 1.077C 00 3+255D- 01
141560 00 54818D-02 1.1590 00 3.3620-01
12420 00 Be7270~02 12480 00 3.4780~01
13360 00 1164D~01 1.343C 00 3.5800-01
14360 00 1+455D-01 14460 00 3720D~01
15440 00 1e745D~01 145570 00 3.8100-01
16600 00 2036D-01 1¢676D 00 39300-01
1.784D 00 243270-01 1.804D €O 4.,030D~01
1.918D 00 246180~ 01 1.9430 00 4.1710-01
240620 00 2.909D0-01 20910 00 4.2850~01
. 24217D 0O 3.200D0~01 22510 00 4.4140=-01
Z0383D 00 3.4910-01 2.424D 00 4,5660-01
265620 00 3.,7820-01 246090 00 4.696D~01
2.754D 00 4.,0730~-01 2.809D0 00 4.817D0-01
29610 00 4+,3640-01 3e024D 00 409470-01
3.183D0 00 446550~ 01 3.2560 00 5.0800~01
. 3.8422D 00 84,9460~01 3.5050 0¢C S¢2170-01
3.679D 00 §¢236D-01 3.7730 0O $43580-01
3.955D 00 5.527D-01 ‘800620 00 Se497D~01
4,252D0 00 5o 8180-01 43730 00 56470-01
4+571D 00 6e109D-01 4.,708D 00 5804D-01
4,914D 00 6e¢4 000-01 S$4069D0 00 549740-01
55,2830 00 6 «660D~01 S$5¢457D 00O 6126D0~01
8 .,679D0 00 6920D0-01 £,8750 00 6277D-01%
6¢108D 00 7.1900~01 643250 Q0 64090~ 01
6 564D 00 7:4000-01 6.,8090 00 6¢5270~01
7.0560 00 7.650D0-01 7¢ 3300 00 6+628D~01
75860 00 7 «850D0- 01 78910 00 6.7380-01
8.1550 00 8.090D-01 8+496D 00 £48560~-01
Be,767D 00 8e¢284D-01 S«1460 00 €¢S558D0~01
G e425D 00 8.472D~01 9+846D0 00 7:0490-01
1,013D0 01 . Be654D=01 1.060D 01 7.123D0~-01
1 .089D 01 8¢8210-01 122410 01 7218D=01
1.1710 01 . 8e978D-01 12290 01 7337D-01
12590 01 9.1280~01 13230 01 7+4290-01
1353D 01 Ge 255D~ 01 164240 01 75060-01
1.455D 01 G+3590-01 15330 01 7+5610-01
1.564D 01 Ge4 58D~ 01 16500 01 76320-01
1.6820 01 Ge551D-01 17770 01 T7e717D0-01
1.808D0 01 9. 643D-01 1,130 01 7:784D0-01
1.9430 01 9¢7130-01 20590 01 7842D-01
2.089D 01 9.7680-01 22170 01 7.8840-01
22460 01 9.807D~01 23870 01 7¢9430=01
24150 01 9+845D-01 203690 o1 8.014D0-01
2.596C 01 9,.,876D-01 247660 01 8.0800-01
2.791D0 01 9.902D~01 29780 01 Be¢145D-01
2,0000 O1 G e922D0=01 3.2060 01 842120~01
5.2250 o1 9+933D-01 2.451D 01 £e269D-01
3.467D 01 G+ 956D-01 3.,716D0 01} £803200-01
37280 01 9 +981D~01 4 000D 01 B367D0-01
4,0070 01t 10000 00
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TABLE 10, Total Ionization TABLE 11. Total Ionization

Cross Section (L Shell) Cross Section (K Shell)
I
T/1 QI T/1(K) Q
1.0000 00 0. R 1.000D 00 o
1,0750 00 2.0500-03 1.0770 00 4.agzo-gf
11560 00 9.,0220-03 11590 00 1.0..30"'0‘.°l
1.2420 00 2210002 12480 00 1.6430_0l
143360 00 4.,2480-02 13430 00 20328 9
14360 00 7.1280—3f 1.4;38 gg g.g?gg:o:
544D 00 1+096D- 1eS .
{:6600 00 1.586D0-01 1.676D0 00 4,6380~01
17840 00 2.1920-01 1.8040 00 5.468D-01
1.918D 00 2.924D-01 15430 00 6.298D0-01
240620 00 3.7930-01 20910 00 7¢2000-01
2.2170 00 4.8040~01 242510 00 841580-01
R Y fidhe 5 Tafis b
ZeS D 00 ° . .
;:7250 00 8998D~01 2.8090 00 11240 00
2¢961D 00 1.074D 00 3.,024D 00O 12300 00
3.183C 00 12610 00 3.256C 00 13400 00
3,422D 00 1.467D0 00 3.5050 00 1.452D0 00
3.679D 00 16910 00 3.773D0 00 1.568D 00
3,955D0 00 1.9330 gg 4.,062D0 00 1.6860 00
D 00 2.163D 4.373D0 00 1.810D0 00
422350 89 2.4710 00 4.7080 00 1.938D 00
4.,914D 00 2.767D 00 €.,069C 00 2.0740 00
€,283D0 00 3.0650 00 S$,457D 00 2+206D 00
S+679D 00 343790 00 5.8750 00 2.3400 00
6105D 00 3.713D0 00 643250 00 2.4700 00
6.%64D 00 4.020D0 00 6 .8090 00 2.5960 00
7.056D 00 4.380D0 00 73300 00 2.717D 00
7.586D 00 4,7130 00 7.8910 00 2.843D 00
e.;g;g gg g-gggg 88 8.4960 00 2974D 00
8e [ 901‘60 00 3.1000 00
9.,4250 00 S.778D 00 9.846D 00 3.222D 00
1.0130 01 641320 00 1.060D0 01 3.3380 00
HCR TR e o g e
Y L]
1.2590 01 71770 00 1.3230 8} 3:3338 88
1.353D0 01 7.5130 00 1.424D0 01 38510 00
1.4550 01 7.8330 00 1.533D 01l 3.961D0 00
1.5640 01 841540 .00 1.6500 01 4,080D0 00
1.6820 01 84720 00 1.7770 o1 4.207D0 00
1.808C 01 87920 00 1.9130 01 4,325D0 00
1.9430 01 90950 00 2.0590 01 4.4390 00
20890 01 S¢3850 00 2.2170 01 4.543D 00
2.246D 01 96610 00 2.3870 01 4.658D 00
2.4150 01 9.936D 00 2.%690 01 4,7800 00
2.596D0 01 1.0200 01 247660 01 4.9000 00
2.7910 01 1.0470 01 2.978D0 01 S.0200 00
3.0000 01 1.0720 01 32,2060 01 Se142D0 00
3.2250 01 1.0970 01 3.4%10 01 S«2580 00
3.;2;3 8} {-:igg gi 3.7160 01 $+4370D0 00
3. L] L 0 €
3.7280 01 1.1380 «000D 01 «480D 00
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TABLE 12,
Probability

E/Eso

0o

8.,000D=-02
10000-01
1500001
2.000D0-01
2¢500D-01
© 3.0000-01
- 3.5000~01
40000-01
45000-01
5.0000-01
£,5000-01
6+0000-01
. 645000-01

Electron Shake-Off

Probability

o -
1+4000-01

1.7800-01
1.5600-01
2.0600-01
2¢1100-01
241450-01
201680D0-01
241850-01
2200001
2+208D0-01
202130-01
2¢2170-01
202200~01

15

TABLE 13.

Spectrum of the

Shake-0Off Electron

E/ESO

C . vi=o.
1.0000~-01
2+0000-01
2,0000-01
4.000C-01
£.,0000-01
6+¢000D-01
7.0000-01
8 +000D~-01
S+000D-01
10000 00
11000 00
12000 00

163000 00

14000 00
1%500C 0O
16000
17000
1.800D
149000
20000
2¢100D
242000
243000
24000
245000
26000
27000
28000
2¢900D
3.000D
31000
32000
2+300D
3+.4000
3.500D
3.600D
3.7000
3.,800D
39000
4 40000
41000

(el -1-J-1-TYoYoT-Y-YoFo¥-YoR-T-NoY-YoRoYoXo XY YoTx]

CO0000DOO0DHOO00VDOO0LOOOOOOOOO

A(E)

0o oot
2.0000-01
2.5000-01
4.6000-01
€¢4000-01
6.0000-01
€e550D0-01
7.0000-01
7¢4000-01
7.740D-01
8+,0000-01
£42700-01
8.4800~01
B8 ¢6600-01
88000~ 01
8.9500-01
9.070D0-01
9.1800-01
9.2500~-01
93200~-01
$+400D=01
9+450D-01
S¢500D0~01
G5600-~01
9.6000~-01
G €500~ 01
9.6900~01
9.710D-01
9.7600-01
Q¢790D0-01
9.810D-01
9+8400-01
98700-01
949000-01
9.9200-01
9¢9400~-01
Ge¢950D= 01 :
Ge9600-01
$.$700~01
$.9800-01
94990D-01
10000 00



E (eV)
10 102 103 o)

T R R B E Ry

J=250¢eV

Q(T,E) (cmZ/eV)

1024

| 2 3 a4
|og'o E (eV)

FIG. 1. The differential energy-loss cross section of neon. The broken
curve (---) is the cross section for the L shell only, and the solid curve (—)
is that for the sum of K and L shells.
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